One of the most extensively used techniques in Drosophila is the Gal4/UAS binary system, 25 which allows tissue-specific misexpression or knockdown of specific genes of interest. The 26 original UAS vector, UASt, can only be activated for transgene expression in somatic tissues and 27 not in the germline cells. Rørth (1998) generated UASp, a modified UAS vector that is 28 responsive to Gal4 in both somatic and germline tissues, by replacing both the hsp70 promoter 29 and the SV40 3'UTR with the P transposase promoter and the K10 3'UTR respectively. At 30 present, the mechanisms by which UASt is silenced in germline cells are not fully understood.
Introduction 46
The success of the fruit fly Drosophila melanogaster as a model organism is heavily attributed to the expansive range and multitude of genetic and molecular tools available to modify gene 137 The bipartite Gal4/UAS system is one of the most important and widely used genetic tools in ). The UASp, a modified vector designed by Rørth (1998) , by contrast, can be activated in 144 both somatic and germline cells, as shown here the UASp-mCD8GFP transgene, driven by the 145 same act-Gal4, showed expression in both the follicle cells and nurse cells in the ovary (Fig 1A' ).
RESULTS

UASt-reporter showed germline expression in Su(var)2-10 knockdown
146
In a genome-wide in vivo RNAi screen to identify genes that potentially regulate Notch 147 signaling in follicle cells (Jia et al., 2015) , we used the Flp-out Gal4/UAS system 148 (act>CD2>Gal4, UASt-RFP nls ) (Ito et al., 1997; Pignoni and Zipursky, 1997) to generate 149 knockdown mosaics in ovarian cells. Although the RFP reporter expression is restricted to the 150 somatic cells since it is cloned on the UASt vector, the collection of TRiP RNAi lines used for 151 this experiment are effective in both the somatic and germline cells (Ni et al., 2011) .
152
Unexpectedly, we found that the RFP signal was detected in some nurse cells in mosaic egg 153 chambers with Su(var)2-10 (CG8086) knockdown ( Fig 1B) . Consistently, when the CoinFLP 154 system (Bosch et. al., 2015) , which also carries the Actin5C promoter to generate mosaic Gal4 155 expression, was used to drive Su(var)2-10-TRiP-RNAi expression, UASt-GFP expression was 156 also detected in the nurse cells ( Fig 1D) . These results suggest that Su(var)2-10 plays a role in 157 suppressing UASt-transgene expression in the germline. Su(var)2-10 has been shown to be potentially involved in piRNA biogenesis, chromosome 160 stability and epigenetic regulations (Hari et al., 2001; Muerdter et al., 2013) . We asked if any of 161 these molecular functions are disrupted in the ovarian germline cells when Su(var)2-10 is 162 knocked down, and found that Vasa localization in the nuage in nurse cells ( Fig 1F) was 163 significantly reduced. This phenocopies the piRNA pathway mutants (Malone et al., 2009) , 164 suggesting that Su(var)2-10 is a part of the piRNA biogenesis machinery.
165
Next, we performed a candidate RNAi screen of genes involved in small RNA biogenesis, 166 epigenetic regulation, or heat shock responses. This was to determine if any of them would 167 suppress UASt-reporter expression in the germline, in a similar manner to Su(var)2-10. Among 168 the 28 genes examined (Table 1) , six belonged to the piRNA biogenesis pathway and all of them 169 showed some UASt-RFP expression in germline nurse cells when knocked down using the Flip-170 out Gal4 to generate mosaics (piwi (Fig 2A) , aub ( Fig 2B) , AGO3 (Fig 2C) , spn-E ( Fig 2D) , vas 171 ( Fig 2E) , or zuc ( Fig 2F) ). Interestingly, we also found germline expression of UASt-RFP when 172 Hsp83 was knocked down ( Fig 3A, circled with a dashed line). Hsp83 has been reported to be 173 involved in piRNA biogenesis, and is normally enriched in the nuage (Olivieri et al., 2012) . As 174 expected, we observed Vasa mislocalization when Hsp83 was knocked-down ( Fig 3A',   175 arrowheads), a phenotype that is consistent with piRNA gene mutations. In contrast, we did not 176 detect any UASt-RFP expression in the germline cells in control egg chambers with Luciferase 177 knockdown (n = 423, Table 1 ).
178
We then examined UASt-reporter expression in the germline of mutants defective in 179 piRNA production. We expressed act-Gal4 driven UASt-RFP (act>UASt-RFP) in a trans-180 heterozygous mutant of AGO3 (AGO3 t2/t3 ), and found that all AGO3 t2/t3 mutant ovaries expressed aub QC42/HN2 trans-heterozygous mutants. As expected, RFP expression was detected in both the 185 nurse cells and the oocyte during oogenesis (Fig 4D) . Taken together, these results indicate that 186 the suppression of UASt-transgene expression in the germline depends on the piRNA biogenesis 187 pathway.
188
To determine whether UASt-RFP suppression is at the transcription level, we performed 189 quantitative RT-PCR (qRT-PCR) analyses, and found the RFP transcript level was 1.3-fold 190 higher in AGO3 t2/t3 trans-heterozygous ovaries than the AGO3 t2/+ heterozygous controls. As a 191 control, we examined the expression of Het-A, a transposable element that is targeted by piRNAs 192 (Brennecke et al., 2007) , and found a 60-fold increase of the Het-A transcript in AGO3 t2/t3 193 mutant ovaries (Fig 4C') , indicating that piRNA production is indeed strongly suppressed in 194 these ovaries. Together, these results suggest that germline expression of UASt-RFP is 195 suppressed by piRNAs at the transcriptional level ( Fig 4C) .
196
The hsp70 promoter is a piRNA target 197 To determine exactly how piRNAs suppress UASt-transgene expression in the germline, we 198 performed a RNA-seq analysis of small RNAs from ovaries of aub QC42/HN2 and w 1118 flies. After 199 mapping the piRNAs from the RNA-seq analysis on to the pUASt sequence, we found that the 200 hsp70 promoter was heavily targeted by piRNAs in w 1118 flies (Fig 5A, B) . This result is 201 consistent with the report that the hsp70 locus itself provides the substrates for high piRNA 202 production in transgenic lines (Olonikov et al., 2013) . By contrast, aub QC42/HN2 ovaries had a 203 significantly reduced level (~40-fold lower) of piRNAs targeting the hsp70 promoter sequence mutant alleles. (D) UASt-RFP driven by mat-tub-Gal4, a germline specific driver, also displayed 398 germline UASt-RFP expression in trans-heterozygous aub QC42/HN2 egg chambers. Nuclei were 399 labeled with DAPI. Posterior is to the right. Scalebars 10 µm. 
